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MEMORY SYSTEM HAVING A HOT-SWAP 
FUNCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a memory system 
having a hot-sWap function and, more particularly, to a 
memory system having serially-connected memory mod 
ules, capable of performing a hot-sWap operation that 
replaces a failed memory module by a backup memory 
module Without stopping operation of the memory system. 
The present invention also relates to a hot-sWap method in 
such a memory system. 

[0003] 2. Description of the Related Art 

[0004] There is knoWn an information processing system 
having a plurality of memories (memory modules) con 
nected to each other in a serial connection to alloW a 
memory controller to control the data Writing/reading opera 
tions. When a failure occurs in one memory module in such 
an information processing system, the entire system must be 
stopped in order to replace the failed memory module With 
another memory module, in general. This is because inter 
ruption of an access to the memory system makes it impos 
sible to alloW the information processing system to continue 
the processing operation. 

[0005] As a method that replaces a failed memory module 
Without stopping operation of the information processing 
system, a mirroring technique is knoWn in Which the bus has 
a redundancy con?guration. FIG. 13 shoWs this mirroring 
technique. In the mirroring technique, there is provided a 
normal bus 102 to Which memory modules 104, 105 and 106 
in service are connected, as Well as a backup bus 103 having 
a con?guration similar to the normal bus 102, to Which 
memory modules 107, 108 and 109 having a con?guration 
similar to that of the memory modules 104, 105 and 106 are 
connected. If a failure occurs in any of the memory modules 
104, 105 and 106, a memory controller 101 ?rstly recreates 
the data of the failed memory module from redundant data 
of other normal memory modules and migrates the data of 
the respective memory modules including the recreated data, 
to the corresponding backup memory modules. Then, the 
memory controller 101 stops operation of the normal bus 
102 and sWitches to the backup bus 103 so as to perform a 
subsequent processing. After replacement of the failed 
memory module has been completed, the memory controller 
101 sWitches from the backup bus 103 to the normal bus 102 
to perform a normal processing. There is substantially no 
possibility of occurring of an error in the mirroring tech 
nique, and it is regarded as a reliable method. HoWever, it 
requires memory modules tWice as much a capacity as 
memory modules in service have, thereby resulting in an 
increase of the cost. 

[0006] FIG. 14 shoWs a memory system having a plurality 
of memory modules, in Which a single backup memory 
module 15 is provided for normal memory modules 11 to 14. 
When a failure occurs in any of the memory modules 12 to 
14, an access from a memory controller 10 is sWitched from 
the failed memory module to the backup memory module 
15. In this method, although it is possible to stop the failed 
memory module While the system is being run, replacement 
of a memory module, i.e., removal of the failed memory 
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module and introduction of a neW memory module in 
service cannot be performed Without stopping the entire 
processing system. In this case, the backup memory module 
15 can be turned on/olf using a sWitch. HoWever, When the 
sWitch is operated While the memory access is being 
executed, a transmission Waveform may be adversely 
a?fected by the sWitching, thereby preventing a stable opera 
tion of the processing system. 

[0007] In recent years, a memory system in Which a 
plurality of serially-connected memory modules are used to 
perform a serial transmission has been put in a practical use. 
FIG. 15 shoWs an example of such a memory system using 
a conventional serial transmission scheme. As shoWn in 
FIG. 15, bulfers 22 to 24 are provided for respective 
memory modules 19 to 21, and the transmission of a signal 
from a memory controller 25 is controlled in one direction 
by using a dedicated Write bus 18 and a dedicated read bus 
17. In this memory system, When poWer supply for a speci?c 
memory module is stopped, signal transmission to the next 
memory module is disabled. Thus, in the conventional 
memory system using a serial transmission scheme, it is 
impossible to disconnect the memory module Without stop 
ping operation of the processing system. 

[0008] Patent Publication JP-2004-185199A (FIG. 13) 
describes a memory system using a serial transmission 
scheme capable of performing a hot-sWap operation. When 
a failure occurs in this memory system, data is migrated to 
a hard disk drive and then sWitching from a serial transmis 
sion line to a bi-directional transmission line is performed, 
thereby alloWing the disconnection of a failed memory 
module Without interruption of poWer supply. 

[0009] In the memory system described in JP-2004 
185199A, data is migrated to a hard disk drive to alloW the 
disconnection of a failed memory module. HoWever, since 
the access speed of a memory and that of a hard disk dilfer 
from each other, it is impossible to alloW the memory system 
to operate in a normal mode because the data is stored on the 
hard disk having a loWer access speed. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
memory system, in Which a backup memory module is 
provided in a memory system using a serial transmission 
scheme, capable of replacing a failed memory module by the 
backup memory module in a hot-sWap function Without the 
need to stop the operation of an information processing 
system and Without deteriorating its stable operation. 

[0011] It is another object of the present invention to 
provide a hot-sWap method for use in such a memory 
system. 

[0012] The present invention provides a memory system 
including: a plurality of normal memory modules serially 
connected by a signal Write line and a signal read line for 
transferring read/Write data; a backup memory module; and 
a sWitch circuit for replacing one of the normal memory 
modules by the backup memory module by isolating the one 
of the normal memory modules and inserting the backup 
memory module to serially connect the backup memory 
module and the normal memory modules excepting the one 
of the normal memory modules. 

[0013] The present invention also provides a method for 
hot-sWapping in a memory system including a plurality of 
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normal memory modules, a backup memory module and a 
signal Write line and a signal read line for connecting the 
normal memory modules in a serial connection, the method 
including the steps of: isolating one of the normal memory 
modules from the serial connection of the normal memory 
modules; and inserting the backup memory module in the 
serial connection of the normal memory modules excepting 
the isolated one of the normal memory modules. 

[0014] In accordance With the memory system and hot 
sWap method of the present invention, it is not necessary to 
stop access from the memory controller to the memory 
system even When data is migrated from a failed memory 
module to the backup memory module. As a result, a 
hot-sWap operation can be realiZed, in Which it is possible to 
replace a failed memory module by the backup memory 
module While an information processing system is being 
run. 

[0015] In the memory system according to a preferred 
embodiment of the present invention, the sWitch circuit has 
a sWitch provided With one input terminal and tWo output 
terminals and a transmission-direction limiting gate pro 
vided With tWo input terminals and one output terminal. The 
transmission direction limiting gate transmits a signal in one 
direction from the input terminal to output terminals. The 
con?guration of the memory system according to the present 
invention can be realiZed by using the above simple struc 
ture of the sWitch circuit. 

[0016] Further, in one aspect of the present invention, the 
transmission-direction limiting gate includes cascade-con 
nected ?rst and second buffers and a third bulfer having an 
output terminal connected to a node connecting together the 
?rst and second buffers. Similarly, the con?guration of the 
memory system according to the present invention can be 
realiZed by using the above simple structure of the trans 
mission-direction limiting gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram shoWing a memory 
system according to an embodiment of the present inven 
tion; 
[0018] FIG. 2 is a circuit diagram shoWing the con?gu 
ration of a sWitch shoWn in FIG. 1; 

[0019] FIG. 3 is a circuit diagram shoWing the con?gu 
ration of a tranismission-direction limiting gate shoWn in 
FIG. 1; 

[0020] FIG. 4 is a block diagram shoWing the con?gura 
tion of a memory module shoWn in FIG. 1; 

[0021] FIG. 5 is a block diagram shoWing the signal How 
in a normal operation mode of the memory system shoWn in 
FIG. 1; 

[0022] FIG. 6 is a block diagram shoWing the signal How 
of FIG. 5, representing the memory system having both a 
dedicated read line and dedicated Write line; 

[0023] FIG. 7 is a block diagram shoWing the signal ?oW 
after a failure occurred in a memory module 26; 

[0024] FIG. 8 is a block diagram shoWing the signal ?oW 
shoWn in FIG. 7, representing the memory system having 
both a dedicated read line and a dedicated Write line; 

Sep. 28, 2006 

[0025] FIG. 9 is a block diagram shoWing the signal ?oW 
after a failure occurred in a memory module 27; 

[0026] FIG. 10 is a block diagram shoWing the signal ?oW 
shoWn in FIG. 9, representing the memory system having 
both a dedicated read line and dedicated Write line; 

[0027] FIG. 11 is a block diagram shoWing the signal ?oW 
after a failure occurred in a memory module 28; 

[0028] FIG. 12 is a block diagram shoWing the signal ?oW 
shoWn in FIG. 11, representing the memory system having 
both a dedicated read line and a dedicated Write line; 

[0029] FIG. 13 is a block diagram shoWing a conventional 
memory system adopting a mirroring technique; 

[0030] FIG. 14 is a block diagram shoWing a conventional 
memory system including a single backup memory; and 

[0031] FIG. 15 is a block diagram shoWing a conventional 
memory system adopting a serial transmission scheme. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] FIG. 1 shoWs the con?guration of a memory 
system according to an embodiment of the present inven 
tion. The memory system includes a memory controller 25, 
a plurality of (three) normal memory modules 26 to 28, a 
single backup memory module 29, a signal line Which 
serially connects the memory module 26 to 28 and performs 
a serial data transmission, and a sWitch circuit for sWitching 
connection of the signal line. More speci?cally, the memory 
system according to the embodiment of the present inven 
tion has a con?guration obtained by adding a backup 
memory module and a sWitch circuit to the circuit con?gu 
ration of the conventional memory system shoWn in FIG. 
15. Although only a dedicated Write line is shoWn in FIG. 1 
for the sake of simpli?cation, the memory system of the 
present embodiment includes the dedicated Write line and a 
dedicated read line similarly to the conventional memory 
system of FIG. 15. The memory modules 26 to 29 include 
therein serial transmission buffers 30 to 33, respectively 

[0033] The sWitch circuit serially connects together the 
normal memory modules 26 to 28 to perform a serial data 
transmission during a normal operation mode of the memory 
system. When a failure occurs in one of the normal memory 
modules 26 to 28, the sWitch circuit disconnects or isolates 
the failed memory module and serially connects together the 
other normal memory modules and the backup memory 
module 29. The backup memory module 29 is inserted in the 
serial connection of the normal memory modules excepting 
the failed normal memory module. 

[0034] The sWitch circuit includes sWitches 34 to 36 each 
provided With a single input terminal and tWo output termi 
nals and transmission-direction limiting gates 37 to 39 each 
provided With tWo input terminals and a single output 
terminal. The transmission-direction limiting gates 37 to 39 
limit the signal transmission direction, alloWing a signal to 
be transmitted from the input terminals to the output termi 
nal and preventing the signal from being transmitted from 
the output terminal to the input terminals. PoWer supply 
control for the memory modules 26 to 29 is performed under 
the control of the memory controller 25 independently from 
one another. 
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[0035] FIG. 2 shows an example of the switch 34 (35, 36). 
The switch 34 (35, 36) has a pair of transistors (FET) 54 
each having a current path connected between a common 
input terminal 40 and a separate output terminal 41 or 42. 
One of the FETs 54 is turned ON while the other is turned 
OFF by a control signal fed through a control terminal 43, 
whereby an input signal input through the input terminal 40 
is output to one of the output terminals 41 and 42 of the 
switch 34. 

[0036] FIG. 3 shows an example of the transmission 
direction limiting gate 37 (38, 39). The transmission-direc 
tion limiting gate 37 (38, 39) is con?gured by three buffers 
55. In the transmission-direction limiting gate 37 (38, 39) of 
FIG. 3, the signal transmission direction is limited to one 
way such that when an input signal is input through either of 
two input terminals 44 or 45, the input signal is output from 
output terminal 46 and that the opposite direction for the 
signal transmission is prohibited. 

[0037] FIG. 4 shows the con?guration of the memory 
module 26 (27, 28, 29). The memory module 26 (27, 28, 29) 
has a plurality of memory devices 47 and a serial transmis 
sion buffer 48. The serial transmission buffer 48 has a 
serial/parallel conversion circuit 49 and input/ output buffers 
56 for the dedicated read line 52, 53 and dedicated write line 
50, 51. In FIG. 4, interconnections of the control signal 
system are omitted for depiction. The memory module may 
have a single memory device instead. 

[0038] When read data are to be output from the memory 
module 26, the parallel data read from the memory device 47 
or memory devices 47 are converted into a serial data signal 
by the serial/parallel conversion circuit 49, which outputs 
the resultant serial data signal through the dedicated read 
line 52 to the outside of the memory module 26. When a read 
signal, i.e., a serial data signal is to be transmitted from 
another memory module, the read signal is input through the 
dedicated read line 53 to the memory module 26, passed 
straight through the serial/parallel conversion circuit 49, and 
output from the dedicated read line 52 without a change. 

[0039] A write data signal to be written in the memory 
module 26 is input through the dedicated write line 50, 
converted into parallel data by the serial/parallel conversion 
circuit 49, and is written in the memory device 47 or 
memory devices 47. A serial data signal to be written in 
another memory module is input through the dedicated write 
line 50, passed straight through the serial/parallel conversion 
circuit 49, and is transmitted through the dedicated write line 
51 without a change toward the another memory module. 
The above performance of the serial/parallel conversion 
circuit 49 is controlled by a control signal fed from the 
memory controller 25. 

[0040] FIGS. 5 to 12 show the memory system shown in 
FIG. 1 in a normal signal transmission mode thereof and 
another signal transmission mode after a failure occurred in 
one of the memory modules 26 to 28. FIGS. 5, 7, 9 and 11 
show the signal transmission mode of the memory system, 
while simplifying the representation of the con?guration of 
FIG. 1, whereas FIGS. 6, 8, 10 and 12 which correspond to 
FIGS. 5, 7, 9 and 11, respectively, show the signal trans 
mission mode of the memory system, while representing the 
memory system of FIG. 1 similarly to the representation of 
FIG. 15. In FIGS. 5, 7, 9 and 11, solid lines show that signal 
transmission is performed therethrough and dotted lines 
show that signal transmission is not performed therethrough. 
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[0041] FIGS. 5 and 6 show the normal operation mode. In 
the normal operation mode, access to the backup memory 
module 29 is not made, and the memory controller 25 
serially connects the normal memory modules 26, 27 and 28 
that are in service in the order as recited herein. Power 
supply to the backup memory module 29 to which access is 
not made is stopped and, therefore, removal thereof and 
introduction of a new memory module in place thereof can 
be carried out while the operation of the system is being run. 

[0042] If a single-bit error, for example, occurs for several 
times in the memory module 26 in the normal mode shown 
in FIGS. 5 and 6 and the memory controller 25 determines 
that the memory module 26 needs to be replaced, the 
memory controller 25 accesses the backup memory 29 and 
copies the data in the memory module 26 to the backup 
memory module 29. Thereafter, the normal operation mode 
shifts to the transmission mode shown in FIGS. 7 and 8. In 
this mode, the memory controller 25 determines that the 
connection of the memory modules is in the order of 29, 27, 
28 and controls the access operation according to this order. 

[0043] Power supply to the memory module 26 to which 
the memory access is not made is stopped and, therefore, 
removal thereof and introduction of a new memory module 
in place thereof can be carried out while the operation of the 
system is being run. In order to recover the original normal 
operation mode after the completion of replacement of the 
memory module 26, a command is issued to the memory 
controller 25 to restore the memory system to the normal 
operation mode in the order of steps opposite to the steps of 
the process for removing the memory module 26. 

[0044] In the transmission mode shown in FIGS. 7 and 8, 
power supply is started after the replacement of the ?led 
memory module 26, and access from the memory controller 
25 to a new memory module 26 is started to initialiZe the 
memory module 26. Thereafter, the data in the backup 
memory module 29 is copied to the memory module 26. 
After the completion of the data copy operation, connection 
between the memory module 26 and memory module 27 is 
started and, at the same time, signal transmission between 
the memory modules 27 and 29 and that between the 
memory controller 25 and backup memory module 29 are 
sequentially stopped. As a result, the system mode is set 
back to the normal operation mode shown in FIGS. 5 and 
6. 

[0045] FIGS. 9 and 10 show another transmission mode 
where the memory module 27 is failed. The memory con 
troller 25 determines that the connection of the memory 
modules is in the order of 26, 29, 28 and controls the access 
operation according to this order. FIGS. 11 and 12 show 
another mode where the memory module 28 is failed. 
Similarly, the memory controller 25 determines that the 
connection of the memory modules is in the order of 26, 29, 
27 and controls the access operation according to this order. 

[0046] Although three normal memory modules and a 
single backup memory module are used in the above 
embodiment, the number of normal memory modules and 
that of backup memory modules may be selected at any 
number. Although a single read line and a single write line 
are shown in the drawings, the number of the read lines and 
that of write lines may be selected at any number that is 
greater than or equal to l. The number of signal lines for the 
control is not limited. Although a single channel of the 
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memory system is exempli?ed in the above embodiment, the 
number of channels may be selected at any number. Any 
con?guration is selected for the sWitches 34, 35 and 36 so 
long as these sWitches can pass an input serial signal through 
one of the tWo output terminals in a controllable manner. 
Further, any con?guration is selected for the transmission 
direction limiting gate so long as the limiting gate drives a 
signal in a speci?c direction and stops a signal in the 
opposite direction. 

[0047] Although the present invention has been described 
With reference to the preferred embodiment, the memory 
system and its hot-sWap method according to the present 
invention are not limited to the con?guration shoWn in the 
above embodiment and various changes, modi?cations, or 
alternations to the invention as described herein may be 
made, none of Which depart from the spirit of the present 
invention. All such changes, modi?cations, and alternations 
should therefore be seen as Within the scope of the present 
invention. 

What is claimed is: 
1. A memory system comprising: 

a plurality of normal memory modules serially connected 
by a signal Write line and a signal read line for 
transfering read/Write data; 

a backup memory module; and 

a sWitch circuit for replacing one of said normal memory 
modules by said backup memory module by isolating 
said one of said normal memory modules and inserting 
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said backup memory module to serially connect said 
backup memory module and said normal memory 
modules excepting said one of said normal memory 
modules. 

2. The memory system according to claim 1, Wherein said 
sWitch circuit includes at least one sWitch device having an 
input terminal and tWo output terminals, and at least one 
transmission-direction limiting device having tWo input ter 
minals and an output terminal, said transmission-direction 
limiting circuit limits a signal transmission in a direction 
from either one of said tWo input terminals thereof to said 
output terminal thereof. 

3. The memory system according to claim 1, Wherein said 
transmission-direction limiting device includes ?rst and 
second bulfers connected at a ?rst node in a cascade con 
nection, and a third bulfer having an output connected to 
said ?rst node. 

4. A method for hot-sWapping in a memory system 
including a plurality of normal memory modules, a backup 
memory module and signal Write line and a signal read line 
for connecting said normal memory modules in a serial 
connection, said method comprising the steps of: 

isolating one of the normal memory modules from the 
serial connection of the normal memory modules; and 

inserting the backup memory module in the serial con 
nection of the normal memory modules excepting the 
isolated one of the normal memory modules. 


